previous literature estimated that 2-8% of cancer may be attributable to occupational exposures, although the true burden may be higher. 5 Congress established the National Program of Cancer Registries (NPCR) in 1992-a national cancer surveillance system administered by the Centers for Disease Control and Prevention (CDC)-to collect information on cancer diagnoses, initial treatment, and outcome. In addition, NPCR cancer registries are directed to collect information on the "industrial or occupational history of the individuals with the cancers, to the extent such information is available from the same record." 6 To this end, NPCR requires each cancer registry to collect cancer patients' usual occupation ("type of job patient engaged in for the-greatest number of working years") and usual industry ("type of business or industry where patient worked in his or her usual occupation"). 7 These data are collected through medical record abstraction (consolidated from hospitals, outpatient facilities, death certificates, and other sources) without any direct contact with patients or their families.
Although NPCR cancer registries are required to collect industry and occupation (I&O) data, there is not a standard practice for collection of these variables. 8 Certified tumor registrars (hereinafter referred to as registrars) collect I&O from text narratives within medical records that have been entered by a variety of individuals.
Often, these data may be missing, incomplete, lacking detail, and/or more likely to be ascertained in patients with cancers that have known association to occupational exposures (ie, differential misclassification). 9 Furthermore, coding I&O data manually is a time and resource intensive process that is prohibitive in many cases; the availability of a tool that could reduce the time of manual coding would be helpful in a myriad of studies of occupation, not just occupational cancer. Coding System (NIOCCS), a web-based system that translates I&O text into standardized I&O codes.
| MATERIALS AND METHODS
The data from this study include all cases combined of breast, colon and rectum cancers and CML diagnosed in Alaska, Colorado, Idaho, Louisiana, North Carolina, New Hampshire, Rhode Island, and Texas, and within two specified county groupings within California and 11 The NIOCCS coding scheme has been described previously. 12 The difference between the confidence levels assigned is based upon a number of factors including a word-swapped factor, synonym factor, and the weight associated with the process of autocoding. NIOCCS also has "computer-assisted coding" where users are provided "information and functions" to help select the correct code; however, this tool requires an understanding of I&O coding. Cancer Registries data dictionary recommends that I&O coding be completed at the registry level due to the need for specially trained and qualified personnel. 13 At the time of the Comparative Effectiveness Research project's data collection, NPCR cancer registries were encouraged to recode textual I&O data into census numeric codes, using NIOCCS (version 1).
Registries received financial and technological support during the
Comparative Effectiveness Research project, including assistance from NIOSH through a presentation at an annual professional conference, an available online training, and a hard copy instruction booklet.
We examined the data received from the cancer registries for missing values and then submitted the available text data from eight of the ten registries to the NIOCCS tool (version 2) at CDC. Text data from Florida and Idaho were not available because they coded I&O at the cancer registry before submitting to CDC. Both medium (70%) and high (90%) NIOCCS confidence levels were used to auto-code I&O text. Neither the "computer assisted coding" process nor manual coding were performed for this project due to time and staffing limitations.
SAS v. 9.3 (32) was used to determine the percentage of the NIOCCS auto-coded narratives that defined an occupation (eg, nurse) and industry (eg, healthcare); we deemed these sufficiently analyzable. 14 We defined "insufficient codes" as codes that were unknown (which includes those cases missing I&O text), retired, never worked or military. The auto-coding ability of the NIOCCS tool was compared by confidence level and by state. Finally, we examined the auto-coded data for the percentage of sufficiently analyzable codes by confidence level and state.
| RESULTS
Registrars abstracted information from the medical records of 62 525
persons with newly diagnosed breast, colon, or rectum cancer or CML.
The demographic and tumor characteristics of the patients have been described previously.
10 Tables 1 and 2 Figure 2 shows that in many cancer registries, the I&O data were auto-coded as "unknown" by the NIOCCS tool (eg, 66% industry/63% The findings from their study were similar to our results, with "44.2% of "Auto-coded" data include codes for specific industries and occupations, as well as unknown, retired, never worked, and military. AK, Alaska; CA, California; CO, Colorado; LA, Louisiana; NC, North Carolina; NH, New Hampshire; RI, Rhode Island; TX, Texas. Florida and Idaho were excluded because text data were unavailable TCR records and 31.1% of LTR records" that were missing or unknown. 16 This study further highlighted the importance of high quality I&O text data to help "maximize the efficiency of NIOCCS." 16 Additional analyses of the combined I&O data showed there are some specific factors that can be considered in research studies since standards for a minimum number of sufficient codes do not currently exist. We found that limiting our population to ages 18-64 years reduced the number of "retired" text fields, decreased the percentage of cases auto-coded, and, among the auto-coded data, decreased the percentage of insufficient codes by 10%, on average (data not shown).
Similarly, researchers could consider restricting the study to ages 18-64 years since more accurate I&O information may be recorded in their patient file given that this population is more likely to be working.
However, because many solid tumors linked to occupational exposures occur at advanced ages post-retirement, this would also limit the ability to identify a portion of occupational cancer cases. Finally, NIOCCS has the flexibility of two confidence levels that can be used for the autocoding process so that researchers can balance capture versus confidence for their analyses.
Despite the limitations noted above, previous analyses of cancer registry I&O data have shown similar results to those seen in etiologic studies. 3 Furthermore, an untried approach to addressing the previously mentioned gaps is the use of job exposure matrices, which assign occupational exposure levels based upon I&O data and might be able to overcome some of the reported limitations of cancer registry I&O data. 17 However, the usefulness of job exposure matrices are subject to the accuracy of the underlying I&O data they are being applied to. The strengths of this study include the number of cancer cases and registries included, which reflect 27.3% of the U.S. population, 10 and analyzed; and data were missing or unknown in many cases. Analyzing the I&O data by cancer site could highlight the differences in capture between those with and without known occupational exposure linkages. However, among the data for this project, there was no significant difference between the percentages of auto-coded cases even though CML is related to occupational exposure and breast, colon, and rectum are not (data not shown). 19 One future direction of I&O data collection could include the use of natural language processing in electronic health records, which has been successfully used to advance cancer care. 20 Another direction includes linkages of data between cancer registries and occupational registries as has been done to improve race and ethnicity data through linkages with Indian Health Services records. 21 In conclusion, while there are known associations between occupational and industrial exposure to cancer, the ability to explore such associations is limited by the capture and coding of I&O data.
Ultimately, emphasis on training of providers and registrars, as well as future software enhancements, will improve the utility of I&O data and further occupational cancer research.
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